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PROBLEM TO BE SOLVED: To improve electrical and 
optical characteristics of translucent electrodes of a 
gallium nitride conipound semiconductor. 

SOLUTION: Translucent electrode 18A is constituted of 
a first metal layer St composed of manganese (Mn) 
having a filnri thickness of 40 &angst; which is in 
contact with a contact layer 17, and a second metal 
layer 82 composed of gold (Au) having a film thickness 
of 60 &angst; which contacts with the first rnetal layer 
81. After forming the electrode 18A, an electrode 18B 
and an electrode 20. they are heated in an atmosphere 
containing O2 gas for 3 minutes at the temperature of 
about 550°C to convert the contact layer 17 and a clad 
layer 16 to p-type layers having a low resistance, while 
subjecting the contact layer 17 and the first metal 
layer 81, the second metal layer 82 and the pad 
electrode 20 to alloying, and- also subjecting the 
islectrode 18B and an n"*" layer 13 to alloying. As a 
result, electric and translucent characteristics are 
improved. 
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(57) Abstract 

PROBLEM .TO. BE SOL\/ED:- to. .improve bonding : 
strength and • bhmic proper^, arid reduce contact 
resistance by forming a nicKel(Ni) electrode layer and a 
gold (Au) electrode layer one by .one on a surface of a 
semiconductor and carrying out heat treatment in the 
presence pf oxygen (O2). . 

SOLUTION: .Nickel(Nl) is formed to a fiim in high^^y^ 
on an exposed P"''Tiayer 7 by a deposition device arid a 
first metallic layer is formed.; Then, an electrode 8A to 
the p:-!ayer 7 iis shaped by removing Ni and = Au 
deposited on a photoresist. Mixture gas of Qj' g^ 
gas containing one or rhore kinds of H^. He, Ne, Ar, 
Kr is introduced and subjected to heaftreatmierit Nickel 
and gold are laminated and' are subjected to heat 
treatment in oxygen atmosphere in this way. ah elennent 
distribution in a depth .direction from a surface of a 
p-conductivity type group-Ill nitride^ semiconductor is 
made a distribution then, gold permeates deeper than 
nickel. As a result, ohmic property is improved and 
-contact resistance of an. electrode is reduced. 
Furthermore, junction degree..- of an electrode layer is 
imprpyed. 

COPYRIGHT: (C)1998.JPO ■ 




Mimosa 



BEST AVAILABLE COPY 



a9>B:*®»JFyf <j P) (12) J| # ^ (A> ODttSlFtWI^W*^ 

4fPl^lO- 135515 



HO IL 33/00 

21/28 3 0 1 



P.I 

HO-11- 33/00 ; c 

2\m 3 0 1 z 









000241463 
























««: -v ' ' 






<f71>IU®A. 


000003809 
















»5i$^3Mi5fi^^:^^f*« 



















































(57) t^itj] 



IQO. 




htm://'vv-g^n?rDiixll.iTX).eo.iDyTok^^^ IQiH .2002 



CWet&StC^sc^r. \.;Cv'--^ ..[00.04] - ' 

«S!Sttia^'€:frr a c%t i tca. - ^ 0 x-efii-; jte^e <7>^mi^s -m^mcj: ^) : . p i^^s - 
.^<o.p&f^zt^^it^mt^(r>m^^ ' M3^K^^t«?#s^^ftcIi^le^<Au>^S9ts^7t^^ 

i ^if^i -r ^.j^^.i ic^o p.e;«!ai 3 i^fb^- ; ; . (i^cAuj^gcDitc^^ns c i i-r -^^-^^^ 

[ss'^'e;] " .'i^iagii&iitri o/.- pe^^ .20.. ^:col)^je«:i P;afei£bt^TC!T-5'c<t:^ 

, ^ i^icm^ iM^m<Dmm7cmi^ititi^ :mm^^ -fA: b ovists:; i^y --cc^r.^tb^ 

{0.0 0 ii' i: : '\ A - "''^ -' -v. ' . • [0 0-0 8:]-,/'.:' ' , " -■• [. ' .\r'A.- -; 

[0 002] - : -cr)fe^_^--5> i^tisi^^^S^ftC^f 0. .mfeO^^ 

. r^ict*. ;S^;&iB< ■ ,[0 .0.0 9 ] ^SfeSC>^^^lC0 At^lr./ 



http://ww6ipdl jpo.go jp/tjcontenttmsipdl?NOOP^^^ 19.11 .2002 



' C3) 

' • 3 • ■ 
?Sf* <D^mi>^^ J: 0 f£(r * i C 6 * -CaS $ it C i A^-C 

' 1 P a < 7 X 1 0 " ' torr) feLh<0«e^i:lT ^ C £ 

' ' CQt)©^ K:^^»tl:^tiD.01%-ioo 

to 0 1 1 ] c<o^''>ttm^^^'^i>3i^\m^W . 
- ^^at, EnarmEc[>fi5T. m^iia>rai±^ 

^ [0;0.12] ■ \. 

i pS6<D±tc. ^nS&'^if^.uO J^ K-7<^pe^<D 

' Ca]^7 (p- g) ;>^^S£^nrt--6/ P' JS7©±t£: 

S2iM^P' e7 4T:'€:}tJeSrr-6« -eUX; P* ©7(0, 

I r-Sit^nrt-icc^^^^p* er, p^6,'?s^g5, 

[ 0 0. 1 4 ] CD ^M±tc:y h Ut;^:^ I- 9 ti^Sfe. 
l^LT, 7 ^ h 'J V if^v .i tc<i: 0 . P • m7<0±.o>n 

(2) 25£ii5-t^/cp* IS7<D±tc,. icr»To 



iJ^Pa^^l 0-13 55 15 
4 

cc^El^^7 it \ us^:^ htcS€:Kc:^-6c ^t^:. ^Ca 
u)$yi:iiT;Us (Al>^;cd:-ene>«:i&tS"&^^i.5 iim 
^tCfcOfiS^SIi-ao (4) ©X^i^iStc, V 

.7 h > >• -Jt^^^^^'^** 

e,Ar,3?.«kr^'^CWf>raiO,ai--100 52-C* D,, C<D^. 
[0015 ] - ^^-^Jl^CNiX ^CAiO®PJS?^^^J:£2^^i3D 
30 p-@7«)*CCtS:SSt*^t»lt^(lib. pV.g7<DGaN 

10 0.16] l^^iy"^^^ 5 ^i/ca<D p * S 7 <Z)^[h1 . 

•e^l^'&^aiC^^o P* e7C>^raftiS .(^m^>*>^> 

®3&^61?ll3'r»ia±tC^t*^C/5><?>p- ®7 -Cii&i&i:::^ ^ 
40 y -rt. J: i>i&iSeSK: ^ <fS U "C i^i>o>i^i^iy^h^ k -> X. 
^i^^^JUfiO.^l^eei^rijSl'-C, p- g7<^ 

[0017] 450 -ClvLheso •CJLUTCC>Bf ^^D^-C^ 



hTm-. -oL-==^ TTvfl iT%n an ,n/t^nnTite.nttTn5;:mHl?>Jnnnn=^.l -^JNO^On^iT^ 10 11 9.007. 



C4)" 1^^16-1.355*15 

■ 5. '■ - • . . . 6 - - • ■ - 

10 0 18) ±tfL<OJ: "^pi^^^^^i^^O^m^t U '^X\ -^<K>m:^^A\t:^^t^^^^Utcm026]^f^ 

[ 0 0 2 0] s.5ii. ^aiteigiaifeeoo x,. o. /<N. Ifc ■ [5^<^>a^J. \ . . 

!• ; .• . . ./ . ■ • ■ ■ • ' •» 




! 



http;//ww6ipdl jpo.go op/tjcontenttrnsipdl?NOOO(^^ 1 &N0400=iniage/gif&N040 i 19.11 .2002 



HmW-l 0-1 355 1 5 



• 103] m4] 

I . • • " . " 




[©5 3 



20 -4D 60 



> 



3w2 



[116 3 - 



















• 




'A 
• 
♦ 








• - 









9 V> 40 90 SQ 109 lif^ 

•awe 680 'c ■ 



httn://xs,-«.-=i.nn irwTl.mo.cTo m/tirnnte.nttmR.mrll?>JnnOn^.l ^.TsTr^OteiTnaaeVcHf/^.TsJfMOl — / 1 Q 11 7009. 



* NOTICES * 



Japaja. Patent Office is not zresponsi^le for any 
daiuages caused by tlie use of tHis traiislation. . 

1. This dociiment has been translated by computer.So the translation may not reflect the original 
precisely. / - ' " ' . ' - 

2. **** shows the word which caa. not be translated. 

3. hi the dravangs, any words are not translated.^ ; 

claims; • : - .'- 'r - ■ 

[Claini(s)] ' . * : ; ] ■ \ . \ . ; ' J 

[Claim 1] The electrode formation method of the p cohductidn-type 3 group nitride sernicondiictor 
characterized by forining (>rickei riickel) electrode layer and a golden (Au) electrode layer one by 
one oii the front face of the aforernentioned senuconductor,; and heat-treatin under oxygen (02) 
existence in the formation method of the electrode of the semiconductor which consists of a p 

[Claim 2] The aforementioned golden (Au) electrode layer thickness is the electrode formation 

method of the p conduction-type 3 group lutride semiconductor according to claim 1 characterized 

by'beiiigbdow 100 **. ^ ^ ; ^; / ■ ' . ' ' 

[Claim 3'] The aforementioned (nickel nickel) electrode layer thickness is the electrode formation 

method of the p conductioti-typ(^ 3 group nitride semiconductor according to claim 1 characterized. 

bybeiiig.below'20d*% H/-; -^^ yy' ■ [ ■ -/-^rr V/- 

[Claini, 4] The aforementioned golden (Au) electrode layer and the aforementioned (nickeil nickel) 

electrode layer are- the electrode' fo 

sernicondiictor according to clairn 1 ch£a;acteri2:ed by having a tra^ 

[Claim 5] It is the dectrode f • 
serniconductor according to claim 1 characterized by perfonrdng the, aforementioned heat treatment 

[Claim 6] When the coinppsi^^^^ elernent of the aforeme^^ golden (A^i) electiode layer spreads 
and permeates a'p .conduction-type 3 group nitride semiconductor with the aforementioiied heat ; 
treatment, fli6a^^ electrode layer is the. electrode fbrrnati of the 

p condudtipn-type 3 group nitride semicdndiictor accordto^g to clai.m 1 characterized by being forxaed 
oh the aforementioneci golden (Au^ :^ ^ - 

[Claim 7] It is the electrode formation method of the p. coriduction-type 3 group nitride 
semiconductor according to claim 1 characterized by the aforementioned heaf treatment performing 
the oxygen (02) partial pressxrre of heat treatment aitmbsphere under the existence more than IPa 
(7xl0-7torr). : ' / ; 1 

[Clairn 8] The aforementioned nitrogen of the aforementioned oxygen (02) (N2) The electrode 
formatipri in.ethod of the p conduction-type 3 group .nitride semiconductor according to claim 7 
characterized by maM ^ 

[Translation done.] 
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* NOTICES * 



Japan. Patent Of f ice is. not responsible for any 
daxnag-es caused by tbe use of tliis trajaslation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely.., . . . : ^ / . - • . * : ' 

2. *'*'** shows the word wMch can not be translated. 

3. ;M the drawings, any words ares not translated. ^ ^ 

DEsTAILEDbESCRI^ ^ ' / ; ; " . . 

IPetailed Description of the Invention] 

;[00{)i]/";:/\"..,;/^: •/ . \ . -. ■ ' \ '■\^[ 

[Injduistnal AppUcation] tMs invention rel^ electrode formafionmethod of an electrode .for a. 

p conduction-^e 3 ^pup nitnde senu It is related with wlimt has improved t^^ 

strengtii, ohinic nature, and contact resistance of the electrode to a p cpnductioii-type 3 group nitride 
seirdconductor especially; \ >.\: / V • 

;[opo2];/;:>;: ; . • ' 

[pescription of the Prior Ait] The former, p conduction type As an electrode of GaN (p^GalsQ j it is . 
gold (All), Whai was^deposi^^^ on the GaN layer front face, is known, however, tixis gold (Au) ; 
jimction iiafiire'is bad when caf^ a GaN layer front face directly — 

when^aUoyjng prdcessing is earned but to a GaN layer, there is a problem that a gpldeii electrode ; 

[Problem(s be Spiyed by t^^^ Invention] TTieru gold: (Au)' Nickel (nickel) is made to intervene 
between-QaN layer front faces, and it is gold -(Au) . Raising the adhesion to a GaN lay er is / - : V . : 
perfprrned. -However, the' con aii electrode also lias, the prbblera;[ iiaturef/ o J of 

being largeV in;ti^^ f \ :* " ■^ . ? ~ • -:• . t\ " 

[0003] Therefore the piuppse of tl^ is offering the formation; ine electrode the 

bond strength-s havmg^^b riature niore, and havmg inade ; 

contact resistance- small in ibe electrode to a p conduction-rtype .3 ^oup nitride '^erdicbndubtor. ^ : \ . 

•;[ooo4]-* y':'r:'\ ' ' .vj; " ■ ^ . - ■ -/^^ ^y- 

|Mea^ Probl^in] Ici;^^ of thd semiconductor, , 

which consists of a pj cori^^ forrns ; (Nickel m ; 

elbctrpde layer aiid a golden (Au3^ oii the front face of a . 

arid is characterized by heat^ : ^ - ^ ' i ; :V \ 0' 

. [0005] :Inyenfion of a claim 2:rQkkes golden (An) electrode layer thickness below iOQ **, and : , 
invention of a claiin 3 is bharacterized by making (Nickel nickel) electrode layer tiucldiess b : 
into 200 Moreover, invention pf a claim 4 is having coiistituted the :golden{(Au). eliectk>de layer 
and &e aforementioiied^^^^^^ a translucency. > ^ A ; , % = ■ . ^ 

[0006] It Is rela^^yely charac^^ by fbrirdiig (N^ nicl^el) electrode lay er' on a golden . ( Au) 
elecfrodis layer b^ of a clEo^ 5 heat-.1reating by ^4^^^ - ^50 **, md the^^^^ ; 

element of:ihe:afore^ 

• conduction-type -3; gr^ and jpermealing. Furthennpre, :'' 

heat^eatnierit is characterized by -performing oxygen (G2) partial pressure in a chamber in the 
state IPa or more by inveiitipn of a plaiih 7, 'and invention of a claim 8 is riitrpgen (N2) d^^ 
(02): it is characterized by n^^ ^10%.:. : : . : ^^^^ 

[0007] As ihentioned ^dveV this .iny^^ . ' 

.characterized by the element distributioii of an electrpde rnaldng it reversed to the: distribution ^t the • 
tirde of formation of a metallayer. After form^ of an electrode, lively, the composition eleme^^ 
gold (Au) of the electrode layer fonned in the bottom imdei- w than tfae compositipii. elerderit ; 
nickel (nickel) of the metal ^yer forrned in the bottoin -- that is It is the feature ^fc^ ismbistly : 
distributed near the 3 group nitride seniiconductor layer, and the composition element nickel (nickel) 
of the metal layer formed in the bottom is rriostly distributed by the long distance of a * * * [ gold / ; . 



(Au) / cojEposition element / of the electrode layer formed in the bottom ], i.e., 3 group nitride 

semiconductor layer. 

[0008] 

[Function aad EfFect(s) of the Invention] The element distribution in the depth- direction can consider 
as the distribution which gold (Au) permeated deeply from nickel (nickel) from the front face of a p 
conduction-type 3 group nitride semiconductor by carrying out a laminating to nickel and gold and 
heat-treating in oxygen atmosphere. Consequently, ohmic nature was able to become good and was 
able to make contact resistance of an electrode srnall. Moreover, since nickel was first formed in the 
front face of a p conduction-type 3 group nitride semiconductor, the degree of junction of an 
electrode layer irnproved. 

[0009] While the good translucency was obtained by .making nickel electrode layer thickness below 
into 200 ** for golden electrode. layer thickness below 100 **, . good ohmic nature was obtained. . 
Since 'the oxygen in atmosphere will not result even in a nickel electrode layer if golden electrode 
layer thickness becomes more than 100 ** and the inverted population of the metaUic element by the 
oxygen element is not seen, it is ineffective. Moreover, it is not desirable in order for a translucency 
to fall, if nickel electrode layer thickness becomes more than 200 Moreover, when heat-treated in 
the range of 450 ** - 650 in oxygen atmosphere^ gold could be made to have been able to . 
permeate from the front face of a p .conduction-type 3 group nitride semiconductor to. a deeper place, 
and nickel was able to be conversely distributed mostly by I3ie siiiface lay eir. while the 

bonding strength of an electrode layer had been improved, ohrnic nature has been improved and it * 
became possible to niake contact resistance small. 

[0010] Moreover, it is that heat treatment performs the oxygen (02) partial pressure in a chamber in 
the state more than 1 Pa (7x1 0-7 torr), md the icnprovement of the aboye- 

characteristic was found. Furthermore, nitrogen of oxygen (02) (N2) The receiving ratio has 0.01% - 
desirable 100 %. If the ratio of oxygen becomes less than O.O l Vo, since the inverted population of 
nickel and gold will not arise, the contact resistance of an electrode becomes large and is not 
desirable. " = ; - 

[001 1] 3 group nitride seniiconductor device which has such an electrode becomes the thing 
excellent in element properties, such as a fall of applied voltage, improvement in.reliabihty, and a 
fall of contact resistance. Luminous efficiency improves in Ught emitting diode and. a laser diode. 
.[0012] : • ■ ^ . . y - . 

[Example] Hereafter, this invention is explained based on a concrete example. Drawing 1 is the light 
einitting device 100 formed with 3 group nitride semiconductor formed bn silicon on sapphire l.Jt is 
a typical composition cross section. On sUicbn on sapphire 1 The AIN buffer layer 2. is formed and if 
is Si dope n-type GaN on it The layer 3 (n+ laiyer) fe^^^ 

alumimmaO.lGaO.^N of n conduction type of 0.5-micrometer Si dope Aiayer 4 (n layers) is formed, 
n layer 4 top ~ thickness b.4-micrometer aluniinum6,05Ga0.95/In0.2Ga0.8N firom the barrier 
layer 5 of the multiplex'quantum well structure which changes fomas — having.— the barrier-layer 5 
top ~ aliuninum0.1Ga0.9N of p conduction type of amagnesiimi dopeThe layer 6 (p layers) is . . 
formed. On the p layer 6, it is p conduction type of a high concentration naagnesium dope. The GaN . 
layer 7 (p+ layer) is formed. p+ Electrode 8 A according to metal vacutmi evaporationo in a layer 7 
top is n+. Eli&ctrode 8B is forpied on the layer 3. Electrode 8A is p+. It consists q^^^ 
layer 7v arid gold joined to mckel. Electrode 8B consists of aluminuha or an aluininium alloyV 
[001 3] Next, this light emitting device 1 00 The manufacture rriethod of electrode 8A is explained. 
By the MOCVD method, it is p+ from a buffer layer 2. Even a layer 7 is formed. And:p+ p+ of the ; 
portion widch forms a mask on a layer 7, removes the mask of a predetermined portion, and is not 
covered with a mask It by reactive.ion etching by the gas whichxontains chlorine for 4 

7 or.p layer 6 bid 5 or n layers of barrier layers of layers, and is n+: The front face of a layer 3 was 
exposed. Then, the mask was removed by etching processing. Hext, electrode 8 A was formed in the 
following procedures. 

[0014] (1) Apiily a photoresist 9 imiformly on a front face, and it is p+ by the photoUthography. The 
photoresist 9 of the electrode formation portion on a layer 7 is removed, and window part 9 A is 
formed. 

(2) pH- exposed with yacuum evaporationo equipment On a layer 7, 10-200 ** membrane formation ; 
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of nickel (nickel) is done in the high vacuum of about 10 to 6 or less Torrs, and it is drawing 2 (a). 
The 1 st.rdetal layer 8 1 is formed so that it may be shown. 
(3) Then, do 20-500 membrane formation of gold (Au) on the l.st metal layer 81, and as shown in 
drawing 2 (al, form the 2nd metal layer 82. 

-(4) Next, take out a sainple from vacuum evaporationo equipment, remove nickel and Au which 
were deposited on the. photoresist 9 by the lift-off method, and it is p+: Electrode 8 A to a layer 7 is 
operated orthopedically. ' 

(5) In forming an electrode pad id the part on electrode 8 A, a photoresist is applied unifonnly and it 
opens an aperture in the photoresist of the formation portion of the electrode pad. Next, it is ah aUpy 
containing gold (Au), aluminxitn (alimiinum), or them 1.5 Membranes are made to form by mum 
grade and vacuum evaporationo. (4) Like ******^ t>y the lift-ofiF method, remove Au or alumiaiim 
deposited on the photoresist, and operate an electrode pad orthopedically. 

(6) After exhausting stoiple atmosphere with a vacuum-pump after that, introduce predetennined 
gas, make ambient temperature below into 650 ** more than 450 and make it heat several 
seconds - about 10 minutes of nunibers in the state. However, it is possible to perfornci this heat- 
treatment on condition that the following, a controlled atmosphere ~ 02 gas, and N2,- H2, hehum, 
Ne, Ar and Kr mixed gas with the gas containing one or more sorts — use possible ~ a pressure ~ 
ImTorr from — it is arbitrary ;iQ the rabge of the pressure exceeding atmospheric pressure 
Furthermore, the partial pressure of N2, H2, lielium, 02, Ne and Ax in a controlled atniosphere, or kr 
gas is O.Ol-lOO %, and niayTDe heated in the state where the state eiiclosed by this controlled , 
atmosphere or tMs controlled atmosphere was made.to flow ba^ 

[0015] As a result of carrying out the above-mentipned heat-treatment after the laminating of nickel 
(nickel) and gold (Au), tiie gold (Au) of the 2nd metal layer 82 on the 1 st metal layer 81 of nickel 
(nickel) lets the 1st metal layer 81 pass, and it spreads or contects into the p+ layer 7,= and is p+. GaN 
- of a layer 7 An alloy state is formed. ' Drawing 2 (b) The situation after heat, treatment is shown 
typically (not shown [ the pad electrode ]). . Tha;t is, the distribution of the depth direction of Au and 
nickel is reversed before and after heat freatment. 

[0016] p+ after heat treatment was carried out. It is Auger electron specfral analysis. (AES) about the 
elernent distribution, near the front face of a layer 7. It investigated. The result is shown in. drawing 
3 . p+ Near the front face of a layqr 7- has the concentration of nickel higher than golden 
coiicenti-ation (froni a front face to about 3mn). p+ of a place deep from a front face to more than 
about 3 nm In a layer 7, it turns oiit that gold is distributed oyer high concentration rather than 
nickel. Therefore, gold passes lie 81 of nickel, and is p+. It turiis out that even the 

depths section of a layer 7 is reached and the alloy is forrned there, nioreover, in this case, tiie 
oxygen element is also distributed near the :frpnt face of the p+ layer 7 in the same distribution 
property as nickel (nickel) — thing understanding is carried out 

[0017] 450 before heat-treating at the predetermined temperature below 650 ** rriore than ** — up to 
aliigh vacuum (below Im Tprr)— riot, exhausting — several ~ the state where tiie air of torr - nimiber 
lOtorf. remains — exhausting ~ after that up to atrhoq)heric pressure — nitrogen (N2) It enclosed 
and low resistance and the bird clapper became clear. by adding the postheat treatment. Oxygen (02) 
and nitrogen (N2) The range of a rate of 0.01% - 100 % is desirable from a viewpoint in which the 
coiitact resistance of an electrode is reduced.^ ^ ^ ■ > : - • / / 

[00 1 8] As a reasoii which the above inverted population produces, rather than gold, hick6l moves 
[ ionization pjotential ] near the front face during heat treatment by the low's, and nickel is considered 
that gold is alloyed with 3 group nitride semiconductor, and it permeates in a semiconductor as the . 
reaction. Consequently, as a resijlt of ailoying the good gold of ohmic nature, and 3 group nitride 
semiconductor, the ohmic iiatiire of this electrode becomes good. Moreover, as a result of reactivity's 
joining rather than gold as firrdly [ it is high and ] as 3 group nitride seiniconductor, the borid 
strength of nickel of this electrode impiroves. . 

[O019] Hereafter, various experirnents \vere. conducted on the ligjit emitting device about heat 
treatment when forming the above-mentioned electrode; Drawing 4 is the driver voltage Vf of a light 
emitting device when carrying out the laminating of nickel and the gold by the aboye-mentioiied . 
thickness and heat-treating by 600 **, in case the 20mA current when changing the ratio of the 
oxygen to nitrogen and forming an electrode flows. It measures. 02 / N2 When a ratio is 0.05 - - 
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100%, it is driver voltage Vf. Driver voltage Vf heat-treated and formed in the state where become 
below 3.6 V and oxygen does not exist Since it is 4.8 V, it is tmderstood that the contact-potential 
difference of an electrode is falling [ the direction which heat-treated in oxygen atmosphere ] clearly. 

[0020] Drawing 5 is heat treatmerit temperature 600 * * , 02 / N2. Driver voltage Vf of a light 
emitting device in case the 20mA current when changing nickel layer thickness and forming an 
electrode, when heat-treating oh conditions with a% [ of ratios ] of 1 and a thickness [ of a gold 
layer ] of 60A flows It measxures. When nickel layer thickness is the range which is 22A - 66A, it is 
driver voltage V£ It became less than [ 3:.52V ]. If nickel layer thickness becomes thinner than 1 8 A, 
it is driver voltage Vf. It became more than 3.88V and the remarkable property was seen about ^ 
nickellayer thickness. ' 
[0021] Drawing 6 is 44A of nickel layer thickness, 02 /N2. Driver voltage Vf of a light emitting 
device in case the 20mA current when 1% of ratios aud heat treatment temperature changing the 
thickness of a gold layer by the case of 580 **,;600 **, and 620 **, and forming an electrode flows 
It measures. If the thickness of a? gold la;yer becomes thick with 1 IQ **, even if it is which heat 
treatment ternperature, it is driver voltage Vf- K is understood that it is high. Since the gold layer is 
thick, this is considered for ^the oxygen element in atmosphere not to reach a nickel layer. Therefore, 
as for flie thickness of a gold layer, it is desirable that it is thinner than 100 **. 



[Translation done.]' 
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